Secondary hypogonadism is more common than primary gonadal failure and is seen in chronic and acute illnesses. Although testosterone has a role in erections, its importance in erectile dysfunction (ED) has been controversial. Hypogonadism produced by functional suppression of pituitary gonadotropins has been shown to correct with clomiphene citrate, but with a modest effect on sexual function. We wondered if longer treatment would produce improved results. A total of 178 men with secondary hypogonadism and ED received clomiphene citrate for 4 months. Sexual function improved in 75%, with no change in 25%, while significant increases in luteinizing hormone (Po0.001) and free testosterone (Po0.001) occurred in all patients. Multivariable analysis showed that responses decreased significantly with aging (Po0.05). Decreased responses also occurred in men with diabetes, hypertension, coronary artery disease, and multiple medication use. Since these conditions are more prevalent with aging, chronic disease may be a more important determinant of sexual dysfunction. Men with anxiety-related disorders responded better to normalization of testosterone. Assessment of androgen status should be accomplished in all men with ED. For those with lower than normal age-matched levels of testosterone treatment directed at normalizing testosterone with clomiphene citrate is a viable alternative to giving androgen supplements.
Introduction
Erectile dysfunction (ED) is highly prevalent and is estimated to affect nearly 30 million men. 1 The incidence was reported to be 52% in men aged 40 to 70 y and more recently 31% in a younger group aged 18-59 y. 2 The difference is reasonable as the incidence of ED increases with age, and aging is also accompanied by a decrease in circulating androgens. 3 This is true whether the testosterone concentration is measured as the total fraction, 4 the free fraction, 3 or the bioavailable fraction. 5, 6 In addition, various illnesses lower testosterone levels independent of age. 4, 7 Acute illness has been long accepted to decrease testosterone and frequently pituitary luteinizing hormone levels. [8] [9] [10] Chronic illnesses also may cause hypogonadism, 3, [11] [12] [13] [14] which may be complicated by concomitant use of medications. 15 Psychological as well as physical stressors commonly lead to secondary or hypogonadotropic hypogonadism 16 and hypothalamic suppression of gonadotropin-releasing hormone is thought to be the cause. 11, 15, 17 Hypogonadism has long been associated with sexual dysfunction. [18] [19] [20] [21] [22] Hypogonadotropic hypogonadism is much more common than primary testicular failure. 11, 15, 23, 24 In our clinic, which has a bias toward endocrine referrals, 36% of approximately 1000 consultations for ED monitored over a 2-y period had hypogonadism. 25 Of these, 6% had primary hypogonadism while 30% had secondary hypogonadism.
Measuring the free testosterone level is superior to measuring the total testosterone fraction, 18 because the sex-hormone-binding globulin increases with age, 3 which renders the total testosterone level falsely high in older men.
Success with testosterone replacement on sexual function has varied. Morales et al. 26 reported a positive response in over half of patients treated, but most studies reported successful treatment in a minority of patients. 13, 25 Korenman et al. 24 agreed and proposed that hypogonadotropic hypogonadism and impotence in older men are two separate issues that should be evaluated and treated separately. 24 Our previous study illustrated that older men receiving clomiphene citrate stimulation can achieve higher testosterone levels. 6 Clomiphene reversed the functional suppression of the central hypothalamic-pituitary axis, but did not achieve a good improvement in erectile function. 11 When a secondary analysis was performed, the younger men, and those with fewer medical risk factors, seemed to achieve better sexual function, although the number of men was low and the duration of clomiphene stimulation was only 2 months. Burris et al. 27 followed hypogonadal men on testosterone replacement and reported a good effect after 3 months, with some continued improvement for several additional months. Conversely, it was also reported that it takes up to 6 weeks to notice clinical symptoms of androgen deficiency. 28 We therefore wished to evaluate the treatment of functional hypogonadotropic hypogonadism with clomiphene citrate in a larger group of men than previously studied and for a longer period of time. We also wished to address if absence of a clinical response to normalizing testosterone was the result of age and/or comorbid medical factors.
Materials and methods

General patient population
In the Center for Sexual Function, 990 men who presented with sexual dysfunction during a 2-y period were evaluated with retrospective chart review. The clinical characteristics and medical risk factors of the population were previously reported. 25 All men had testosterone and luteinizing hormone levels monitored, and 58 men (5.8%) had hypergonadotropic hypogonadism (primary gonadal failure), while 302 men (30.5%) had hypogonadotropic hypogonadism (ie, low testosterone and inappropriately low or normal luteinizing hormone levels). Of these 302 men, 272 (90.7%) had ED as part of their presenting complaint, defined as the inability to achieve or maintain an erection long enough to complete sexual intercourse satisfactorily in more than 50% of attempts.
Treatment with clomiphene citrate
Of the 272 men with hypogonadotropic hypogonadism and ED, 228 (83.8%) completed a 4-month course of clomiphene citrate, 50 mg orally on Monday, Wednesday, and Friday. Most of these men were married in a stable heterosexual relationship; the single men were in a steady relationship for at least 6 months. A home log was kept in which the couple recorded the number of sexual attempts and successes at intercourse. A successful response was defined as the ability to complete intercourse in more than 75% of attempts; a partial response was defined as successful intercourse in from 50 to 75% of attempts. The men who failed did not notice any change in their sexual activity. No men reported side effects caused by clomiphene citrate.
Hormone testing
Of the 228 men who began taking clomiphene, 173 (75.9%) men completed the 4-month course of treatment and had similar blood tests performed in the same laboratory, the Central Laboratory of Lahey Clinic. This population was the basis of the present study. Serum luteinizing hormone and free testosterone levels were drawn between 08:00 and 12:00. Of these 173 men with low baseline testosterone levels, 116 (or 67.1%) had two or more low pretreatment testosterone levels measured 1-3 months apart, which ruled out the possibility of random fluctuations or laboratory error.
The luteinizing hormone assay was performed with kits from Becton Dickinson Immunodiagnostics (Orangeburg, NY, USA) and the analog-free testosterone by direct radioimmunoassay with kits from Diagnostic Products Corporation (Los Angeles). The normal range for luteinizing hormone in men is 1-9 IU/l. The normal range for free testosterone is age related and is reported as 9.0 pg/ml or higher for age 70 y and older, over 11.0 pg/ml for ages 50-70 y, over 13.0 pg/ml for ages 40-50 y, and over 16.0 pg/ml for men under 40 y.
Statistical analyses
Patients were categorized as having complete, partial, or no response based on self-reported erectile function following clomiphene therapy. w 2 analyses (or Fisher's exact tests, where appropriate) were used to determine significant associations between therapeutic response and comorbid clinical or psychosocial illnesses. When ordinal categorical variables were compared, the linear-by-linear test of association was used.
Paired t-tests were used to compare the mean hormone levels within each response group before and after treatment with clomiphene citrate. Paired t-tests were repeated to assess differences in age within response groups with selected comorbid conditions. Independent t-tests assuming equal variance were used to detect significant differences between response groups in the change (or delta) in 
Results
Univariate analyses
The mean age of the 173 men was 54.3 y. A total of 84 men (48.6%) were under age 55 y (mean, 45.2 y), and 89 men (51.4%) were 56 y or older (mean, 62.1 y). Figure 1 shows the response rate of the group as a whole. In all, 67 men (38.7%) had a positive response with a regular intercourse completion rate (475%), 63 men (36.4%) had a partial response with an intercourse completion rate of 50-75%, and 43 men (24.8%) reported no change. Therefore, 75.1% noticed improvement in ED, with 38.7% returning to normal sexual function.
Figures 2 and 3 show that despite a disparity in clinical response, clomiphene stimulation significantly raised the blood levels of both luteinizing hormone and free testosterone in all groups. The serum luteinizing hormone level rose in the responders from 3.3 to 7.7 IU/l (Po0.001), from 4.2 to 7.7 IU/l (Po0.001 in the partial responders), and from 4.4 to 8.5 IU/l (Po0.001) in the nonresponders. The serum-free testosterone levels rose from 9.3 to 21.2 pg/ml in the responders, from 9.2 to 18.0 pg/ml in the partial responders, and from 9.8 to 17.6 pg/ml in the nonresponders (all significant where Po0.001). Figure 4 shows the response to clomiphene as a function of age. There was a higher percentage of responders (56.7%) to clomiphene stimulation in men 55 y and younger compared to 43.3% of the men over age 55 y. The partial responders were equally divided by age, 49.2% in the men under 55 y or younger and 50.8% in the men over 55 y. When categories were collapsed into any response vs no response, there were significantly more nonresponders in the age group over 55 y, 65.1 vs 34.9%, respectively (Po0.001). The association between increasing age and decreasing response to clomiphene was statistically significant (P ¼ 0.028). Table 1 shows the influence of comorbid medical risk factors on the effect of clomiphene-stimulated testosterone levels on erectile function. A higher number of partial responders and nonresponders were seen in patients with hypertension, diabetes mellitus, coronary artery disease (CAD), and those using multiple medications; however, not all of these differences achieved statistical significance. In these comorbidities, the number of men who responded partially to testosterone replacement was between 36.4 and 50.0%. In all, 36.4% of patients with diabetes were nonresponders, while 27.2% were responders (significant where P ¼ 0.02). In all, 50% of men taking multiple medications experienced partial response to clomiphene, while only 25.0% of these patients experienced complete response (P ¼ 0.02). Men with psychosocial comorbidities to their hypogonadism seemed to respond better to correction of the low testosterone, between 42.1 and 48.3%. This appeared to be true for various types of stress, whether because of endogenous chronic anxiety, performance anxiety, or workrelated stress. It is interesting that significant performance anxiety was a greater problem for men who had a partial clomiphene response than for those with no response (44.7% partial response vs 13.2% nonresponse within this subgroup; P ¼ 0.05). Table 2 correlates the medical risk factors (diabetes, hypertension, CAD, and the use of multiple medications) with age. There were more responders who were 55 y and below with important medical risk factors of hypertension, diabetes, multiple medications, and CAD. Only the incidence of CAD 
Multivariable analyses
Logistic regression analysis assessed the effects of relevant clinical variables while controlling for covariates. Since many variables were inter-related, a correlation matrix was created to assess problems of multicollinearity that would bias regression coefficients and inflate standard error estimates. Plots of residuals and goodness-of-fit statistics for models with and without selected variables were then analyzed. Variables with extremely low frequencies or high correlations with one another were ultimately excluded, because these decrease the predictive validity of the model. Table 3 shows the final logistic regression model and related parameter estimates. With respect to patient characteristics, age was the strongest predictor of partial or positive response to clomiphene (significant where P ¼ 0.05). When other clinical predictors were controlled for, patients aged 55 y and younger are almost 2.3 times as likely to respond to clomiphene treatment as patients 56 y and older. The absence of a venous leak, clinically manifested as early detumescence of sexually stimulated erections, was the second strongest predictor of therapeutic response. Patients who did not have venous leak symptoms, that is, early loss of erections, were about 63% less likely to respond to therapy than those who had a venous leak (P ¼ 0.04). In addition, patients taking multiple medications were 46% less likely to respond than patients taking fewer medications. However, this difference was not statistically significant (P ¼ 0.26).
Diabetes was the only clinical predictor of patient response that approached statistical significance. Patients with diabetes were 55% less likely than patients without diabetes to respond to clomiphene therapy (P ¼ 0.06). The narrow confidence interval around this estimate indicates that with a slightly higher sample size, the parameter would become significant at or below the 0.05 level. Contrary to published literature, cigarette smokers had virtually no difference in response compared with nonsmokers (OR, 1.02; P ¼ 0.98). However, this estimate may be attributable to the low number of smokers in the sample. Patients with hypertension or anxiety/ depression were also less likely to respond to therapy, confirming results of univariate analyses (OR, 0.78 and 0.45, respectively; P ¼ 0.34 and 0.21). Finally, patients with CAD were 1.60 times as likely (60% more likely) than those without CAD to Clomiphene effect on HH and ED AT Guay et al respond to therapy, although the result was not statistically significant (P ¼ 0.36).
The final three predictors illustrate the relations between previous clinical therapy for ED and clomiphene response. As a result of the wide variety of therapeutic options available to and used by these patients, three different categories were created: yohimbine therapy, Medicated Urethral System for Erection (MUSE) therapy, and other modalities (which included penile injections, vacuum pumps, or rings). Patients were only slightly more likely (11%) to respond to clomiphene if they had previously received yohimbine (OR, 1.11; P ¼ 0.80), but were somewhat more likely to respond if they had received MUSE therapy (OR, 1.60; P ¼ 0.27), although the result was not statistically significant. In contrast, the use of other therapeutic devices was a strong and significant predictor of response. Patients who had used alternative therapies were 3.9 times as likely to respond to clomiphene than those who had not received such therapy (P ¼ 0.002).
A secondary regression analysis was conducted using backward deletion of parameters to create a best-fitting model. Results confirmed the significance of the variables described previously. A multinomial logistic regression model was also run, using partial response, positive response, and no response categories as levels of the dependent variable. Parameters affecting therapeutic response in previous analyses did not differ significantly when the response was measured as three categories instead of two. Finally, tests for first-order interactions between age and clinical characteristics did not provide additional insights, and are therefore not included. Figure 4 Age as a factor in the response to clomiphene citrate simulation (N ¼ 173). *Linear-by-linear association test indicates the likelihood of response to therapy decreases significantly as age increases (P ¼ 0.028). 
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Discussion
Our data showed that clomiphene citrate can successfully stimulate the hypothalamus to cause increased testicular testosterone production. Stimulation with 50 mg of oral clomiphene three times weekly may be diagnostic as well as therapeutic. If the patient does not respond with at least a 75% increase in testosterone and a 100% increase in luteinizing hormone, further evaluation of the hypothalamic-pituitary area is warranted. 15 All study patients met these criteria, yet only 39% of the men had a completely positive clinical response (ie, successful intercourse in at least 75% of attempts). The lack of complete response occurred mainly in men over 55 y of age. It was also seen in the presence of common chronic conditions such as diabetes mellitus, hypertension, CAD, and the use of multiple medications. The fact that these conditions were also more prevalent in the older age group seems to indicate that the lack of clinical response Note: An odds ratio of 100 indicates no difference between the reference group and the study group in the likelihood of experiencing success with therapy. An odds ratio above 1.00 indicates an increased likelihood of success and below 1.00 indicates decreased likelihood.
Clomiphene effect on HH and ED AT Guay et al may be the result of comorbid medical factors than of age alone.
The fact that 39% of men responded completely suggests that testosterone is involved in erectile function. It has long been established that testosterone is required for libido in men, but there has been debate regarding the extent of its effect on erectile capacity and sexual satisfaction. 29 Kwan et al 30 believed that sleep erections were testosterone dependent but that sexual erections were not, at least in the laboratory. A rough quantitation of the minimum amount of total testosterone necessary for nocturnal erections 31 indicated that 200 ng/dl of total testosterone was adequate for maximal response. The positive effects of testosterone on nocturnal erections have also been shown by others, who reported a positive effect in coital attempts, and in orgasms as well. 32 The dependence of the erectile response on testosterone has been suggested to be, at least in part, centrally mediated. 33 At the biochemical level, androgens are necessary for the physiologic erectile response in the corpus cavernosum of the penis. 34 Penile response to the intracavernosal injection of chemicals is better when there are adequate levels of testosterone. 35 Androgens have also been shown to be necessary for the formation and activity of nitric oxide, held by most to be the most important intrapenile chemical transmitter needed for attaining of erections. 36 Other actions have also been postulated, such as modulation of the intrapenile a-adrenergic mechanisms, which affects tumescence and detumescence. [37] [38] [39] As previously mentioned, acute critical illness decreases testosterone levels, especially by suppressing the central hypothalamic-pituitary axis. 15, 17 The same is true of chronic illnesses. The effect may be mediated through cytokines produced in systemic diseases, including tumor necrosis factor. 40 Decreasing testosterone production via a primary effect on steroidogenesis in the testicular Leydig cell may be seen in AIDS 41 or by the effects of certain drugs such as ketoconazole 42 or suramin. 43 Chronic conditions such as diabetes mellitus, 20 hypothyroidism, 44 hemodialysis, 45, 46 or epilepsy 47 may affect the central production of gonadotropins. Iron deposition in the pituitary may cause hypogonadotropic hypogonadism in beta-thalassemia, 48 the effect of which was found to be separate from the production of diabetes in these patients. Some central suppression of testosterone production was even found during fasting in younger men. 49 Some substances such as glucocorticoids 50 and the Chinese herbal medicine Chansu 51 may affect both the central hormonal axis and the testicles directly.
A large percentage of our patients had anxietyrelated disorders; some had chronic anxiety, while others had performance anxiety, but the most prominent was work-related stress. Excess cortisol suppresses the central hypothalamic-pituitary axis, whether exogenous 52 or endogenous. [53] [54] [55] Both psychological and physical stress can cause increased endogenous cortisol production. 56 Even the short-lived stress of preparing to skydive may increase cortisol production and suppress testosterone. 57 Clomiphene stimulation did not elevate the testosterone level out of the normal range, but it remained in the middle of the normal range. Stimulation for 4 months produced levels similar to those in our previous study when the levels were measured after 2 months. 11 This should be adequate for the desired clinical response. Wang et al 58 found that a positive response to testosterone did not improve further when testosterone levels increased from the low-normal to the high-normal range. Snyder et al 59 also found that increasing the testosterone level of normal, healthy males over the age of 65 to the level of young healthy males had no effect on energy, mental health, or sexual function.
It was suggested that a low testosterone level might only represent a random spurious value. 60 We found this unlikely in our study, because 67% of our patients had two successive low testosterone values measured 2 weeks to 2 months apart before any therapeutic intervention. These low testosterone values also correlated with their presenting symptoms of libido and erectile difficulties. It is also doubtful that the positive responses were due to a placebo effect, because the results were similar to our previous placebo-controlled study 11 and the home logs showed an increased intercourse rate that was verified by the partners.
Our results also agree with those of Jain, 61 who showed a cause and effect relation between ED and low testosterone levels in a meta-analysis. The response rate was better in primary hypogonadsim than in secondary hypogonadism. We agree with Jain's explanation that men with primary testicular failure have a clearer presentation and fewer comorbidities than in secondary testicular failure, a factor that tends to confound the picture in the latter situation.
It does appear that many men may have functional suppression of the central component of their hypothalamic-pituitary-testicular axis resulting from a variety of acute and chronic medical conditions and multiple drug use. The same is true for various types of anxiety. The testosterone level generally can be increased well into the normal range with the use of clomiphene citrate three times weekly. A minority, 39%, of the men will clinically respond to this treatment totally and this group will not have to consider artificial means of correcting their sexual dysfunction, or treatment of their comorbid medical or psychological factors. We have found clinically that if the primary cause of the problem is corrected, clomiphene can occasionally be tapered and stopped, and the testosterone level will remain normal (unpublished observations). The
Clomiphene effect on HH and ED AT Guay et al total treatment rarely needs to be extended beyond 6 months. Quite frequently in men with ED and hypogonadism, correcting that the sexual problem may require additional methods of treatment. Nevertheless, correcting the testosterone deficit may have other beneficial effects. These may include increasing energy and well-being, as well as prevention of anemia or bone loss, depending on the severity of the hypogonadism. If patients cannot maintain their testosterone levels in the normal range after clomiphene is discontinued, permanent testosterone replacement with intramuscular injection, transdermal patches, or gels should be considered. This study had empirical limitations. The relatively small number of patients who received treatment, combined with the low frequencies of many variables of interest, makes it difficult to create a robust logistic regression model. Smaller numbers increase residual variance, making it harder to assess the true magnitude of effect sizes with 95% confidence.
Clearly, an ideal study would match patients on key comorbid and clinical characteristics a priori (eg, by type and number of medications, age, past therapy for ED, and lifestyles), and would utilize a placebo-controlled, randomized design. However, we controlled for confounding variables a posteriori during regression analysis. We also conducted extensive diagnostic analyses before attempting the regression to ensure that variables were included appropriately. Finally, several competing models were compared and all results were similar, suggesting that the model exhibits a reasonable fit to the data.
These findings reinforce the recommendation to check testosterone levels in all men with ED. We also conclude that clomiphene stimulation may provide a reasonable option to correct hypogonadotropic hypogonadism, especially when it is functional in etiology and might be temporary in nature. An example of this scenario is a man with hypogonadism and sleep apnea (a very common combination), who may need testosterone therapy while starting a weight loss program and undergoing treatment with positive pressure nocturnal therapy. Owing to its low profile of side effects, clomiphene can be considered as a safe alternative form of shortterm testosterone replacement. However, caution should be exercised in certain areas. We recently published our findings concerning testosterone and prostate-specific antigen (PSA) levels. 62 The levels of PSA rose with all forms of testosterone treatment, including clomiphene citrate, from 0.2 to 1.2 ng/dl. Therefore, monitoring PSA levels before and after treatment is imperative, even with clomiphene stimulation. If the level of PSA is elevated before or after the clomiphene, the treatment should be stopped and the patient evaluated by a urologist. We recently had one young man who presented with the complaint of shimmering visual fields while on clomiphene (palleanopsia), which cleared after cessation of use. This has been reported in women using clomiphene during fertility treatment. 63 Men should be warned about this possibility. Finally, this study should be replicated using a matched, randomized, prospective design in the general ED population, to ensure that results are free of ascertainment bias and to control for possible confounding variables during sample selection.
